We studied the genetic structure at six microsatellite loci of the Mediterranean sea bass (Dicentrarchus labrax) on 19 samples collected from di¡erent localities in the western and eastern Mediterranean basins. Signi¢cant divergence was found between the two basins. The distance tree showed two separate clusters of populations which matched well with geography, with the noticeable exception of one Egyptian sample which grouped within the western clade, a fact attributable to the introduction of aquaculture broodstock. No heterogeneity was observed within the western basin (^ ˆ0:0014 and n.s.). However, a signi¢cant level of di¡erentiation was found among samples of the eastern Mediterranean (^ ˆ0:026 and p5 0.001). These results match with water currents but probably not with the dispersal abilities of this ¢sh species. We thus hypothesize that selective forces are at play which limit long-range dispersal, a fact to be taken into account in the debate about speciation processes in the marine environment.
INTRODUCTION
Delineating independent breeding units is one of the challenges geneticists have to face with marine organisms if they are to understand the forces which promote speciation in this environment (Strathmann 1990; Palumbi 1994 Palumbi , 1996 . In such open habitats apparently without physical barrier to dispersal and where species are abundant and fecund, one could expect a high gene £ow which will lead to genetic homogeneity over large distances (Palumbi 1992; Avise 1994) . These long-range gene £ows are likely to counteract local adaptations (Slatkin 1987; Garcia Ramos & Kirkpatrick 1997) which will impede speciation processes in the sea. This should be particularly true in the case of ¢shes which can disperse both as larvae and adults. There are many examples of no or small genetic variation at di¡erent geographical scales (Smith 1991; Blanquer et al. 1992; Elliott et al. 1994; Broughton & Gold 1997; Garc|¨a de Leo¨n et al. 1997; Chikhi et al. 1998) . However, a growing body of literature suggests the existence of higher than expected genetic variation over short geographical distances at the infraspeci¢c level (Waples 1987; Bowen & Avise 1990; Palumbi 1994; Planes et al. 1995; Bembo et al. 1996; Bentzen et al. 1996; Magoulas et al. 1996; Turan et al. 1998) . What then are the reasons for this contrasting picture ? The case of transition zones between seas or oceans is particularly interesting in addressing this question because one expects to ¢nd an exacerbation of the various forces likely to have promoted a reduction of gene £ow in these areas (e.g. historical, physical or selective processes) (Borsa et al. 1997) .
The existence of an Atlantic^Mediterranean transition zone has recently been demonstrated in the case of the sea bass (Dicentrarchus labrax (Linne¨1758)) (Naciri et al. 1999) . This was surprising for this euryhaline and eurythermic demersal species, since adult migratory behaviour has been reported to reach several hundred kilometres (Pickett & Pawson 1994) . It poses the question of hypothetical behavioural mechanisms reinforcing genetic isolation. Here, we explore further the relationships between geography and genetic structure in the case of the transition between the western and eastern Mediterranean basins, where the hydrological gradients are weaker.
There are few published data which report on this east^west di¡erentiation in the sea bass. Using samples from the Golfe-du-Lion (western basin) and that of Gabe© s (south of Tunisia in the eastern basin), Benharrat et al. (1983) found a small genetic distance at 34 allozyme loci (pairwise D Neiˆ0 .0011^0.0016, equivalent to a global G ST (Nei & Chesser 1983) of 0.004). On the basis of mitochondrial cytochrome b sequences, Patarnello et al. (1993) found a non-homogeneous (but statistically non-signi¢cant) distribution of the two most frequent haplotypes (A and B) between the eastern and western basins. More recently, using 28 allozyme loci, Allegrucci et al. (1997) reported an important F ST between eastern and western Mediterranean samples. This di¡erence was con¢rmed using the same samples through the study of mitochondrial DNA (Cesaroni et al. 1997 ) and randomampli¢ed polymorphic DNAs (RAPDs) (Caccone et al. 1997) . Therefore, the existence of an east^west di¡eren-tiation is a good working hypothesis for Mediterranean sea bass, despite a very small representation of eastern populations in the above-mentioned studies. In the present work, we report on the polymorphism of six microsatellite loci in 19 samples of Mediterranean sea bass collected from ten western and nine eastern sites. The sampling e¡ort was concentrated around the SiculoTunisian Strait, which is known to be a biogeographical boundary between the two Mediterranean basins (Quignard 1978) . In this manner, we tried to localize the zone of transition between eastern and western populations if, indeed, any exists with greater accuracy. Finally, we compared the levels of homogeneity within each basin and discuss the reasons for the di¡erences revealed.
MATERIAL AND METHODS

(a) Sampling
Five hundred and forty-one individuals from wild Mediterranean sea bass were collected, mostly from ¢shermen. A piece of muscle or pectoral ¢n was collected post-mortem and preserved in 80% ethanol. Table 1 reports the details of the populations studied and ¢gure 1 shows their geographical locations.
The data for the western basin samples (FSET, AGLA and ISCL) come from the study of Naciri et al. (1999) while the sample (EGLV) has been previously published in Garc| a de Leo¨n et al. (1997) .
(b) DNA extraction
A rapid DNA extraction protocol using Chelex 100 1 (Biorad, Inc., Hercules, CA, USA) was employed. A ca. 1mm 3 piece of tissue was allowed to dry for 1h at room temperature. Each piece was then incubated for 4 h at 568 C in 10 mml Tris EDTA, 300 mml of 5% Chelex 100 1 and 15 mml of 20 mg ml
¡1
proteinase K. The supernatant was used as a polymerase chain reaction (PCR) template.
(c) PCR and genotyping
The details of the PCR ampli¢cation, technical procedures and genotyping of the six microsatellite loci of the sea bass (Garc| a de Leo¨n et al. 1995) (Labrax-3, Labrax-6, Labrax-8, Labrax-13, Labrax-17 and Labrax-29) are described in Naciri et al. (1999) . We used six individuals of known genotypes on each gel to standardize the allelic readings. Autoradiographs were read twice independently to minimize errors.
(d) Data treatment (i) Genetic parameters Genetic variability and departure from Hardy^Weinberg equilibrium
The mean number of alleles and the observed and unbiased expected heterozygosity (Nei 1978) were computed for each locus. Wright's ¢xation index (F IS ), which measures the heterozygote de¢ciency within each subpopulation, was estimated using Weir & Cockerham's (1984) f-estimator. The distribution under the null hypothesis of Hardy^Weinberg equilibrium (HWE) ( fˆ0) was obtained after 10 000 allelic permutations for each locus.
Di¡erentiation between populations
The same procedure as above was applied to Weir & Cockerham's (1984) estimator of the global ¢xation index (F ST ), , but with permutations performed on individual genotypes. F ST was preferred over other indexes making explicit use of the size di¡erence between alleles such as R ST because the mutation process behind the microsatellites used here probably does not ¢t the stepwise model (Garc| a de Leo¨n et al. 1997) , a case where the variance of R ST is expected to be large (Slatkin 1995) . We used a jackknife resampling scheme to estimate the variance of according to the contribution of each locus. Pairwise -values were also computed and the sequential Bonferroni procedure was used to control for multiple tests at the 5% signi¢cance level (Rice 1989) . Since all pairwise values are not actually independent from one another, this correction is conservative.
In keeping with previous studies on sea bass genetic di¡eren-tiation, the co-ancestry coe¤cient of Reynolds et al. (1983) , calculated using data from the six loci, was used as genetic distance (D Reynoldsˆ7 ln(17F ST )). This choice is appropriate given that the model we test is that of migration^drift equilibrium under which F ST (and, hence, D Reynolds ) is a predictable quantity which decreases with the absolute number of migrants received by each deme.
All statistical analyses were performed using the Genetix v. 3.3 software package (Belkhir et al. 1998). (ii) Phylogenetic algorithms Trees were obtained using the neighbour-joining algorithm (Saitou & Nei 1987) implemented in the phylogenetic package PHYLIP 3.57 (Felsenstein 1993) . The robustness of each node was evaluated by bootstrapping 1000 times over loci using the SEQBOOTand CONSENSE programs in the same package.
RESULTS
The data concerning gene diversity and the HWE are presented in electronic Appendix A available on The Royal Society Web site. As to the di¡erentiation between the eastern and western Mediterranean sea bass populations, a signi¢cant global F ST (^ ˆ0:0136 and p5 0.001) was obtained when all samples were considered.
Jackkni¢ng over loci showed that the loci contributed homogeneously to this di¡erentiation (standard deviation 0.005). Table 2 gives the pairwise -estimates. These ranged from 0.086 between the samples from Sfax (TSFX) and Crete (GCRT) (two eastern samples) to ¡0.0003 between the samples from Se© te (FSET) and the Gulf of Valencia (EGLV) (two western samples). All the values between the ten western samples were small and none were signi¢cant. This resulted into a non-signi¢cant global F ST when computed inside the occidental basin (^ ˆ0:0014 and p4 0.180). We thus considered this set of ten samples as belonging to the same genetic unit. In contrast, F ST was signi¢cantly di¡erent from zero in the oriental basin (^ ˆ0:024 and p5 0.001) which appears to be much more heterogeneous.
The tree in ¢gure 2 shows that two groups can be distinguished with a bootstrap value of 88%. With the exception of the Egyptian sample, these groups match quite well with the geography, with an occidental clade (to which the Bardawil sample YEGL is related) and an oriental one clustering all the samples south or east of the Gulf of Tunis. When the same procedure was applied locus by locus (data not shown), this east^west di¡erentia-tion was also supported by three loci , whereas for the remaining three loci the samples Tunis Lagoon (TLNT), Bizerte Lagoon (TBIZ) and Thessaloniki (GTSK) moved from one group to the other. The Egyptian sample always clustered with the western group. Identical conclusions could be obtained on a tree derived from Nei's (1978) A t l a n t i c O c e a n VALENCIA SETE W e s te r n M e d it e r r a n e a n ANNABA Weir & Cockerham (1984) 
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DISCUSSION AND CONCLUSION
According to our results, Mediterranean sea bass populations are divided into two major groups corresponding to populations living in the eastern and western basins.
(a) Western basin
If we omit locus Labrax-6 for the reasons detailed in the electronic Appendix A, the samples show either no or very slight departures from the HWE. This is consistent with the non-signi¢cant value (F ISˆ7 0.004) found with a slightly di¡erent sample of western Mediterranean sea bass analysed at the same loci by Naciri et al. (1999) . Therefore, we may provisionally consider that every sample is the product of a primarily panmictic reproduction event. If we extrapolate this to the interpopulation scale, the pairwise and global F ST provided for the ten western samples are either extremely small or non-signi¢cant. Similarly, low F ST for western Mediterranean populations has also been reported in Garc|¨a de Leo¨n et al. (1997) and Naciri et al. (1999) , which together bring the total number of closely related (if not identical) samples studied to date in this part of the Mediterranean to 14. Since there is no single breeding ground for western Mediterranean sea bass, this means that the occidental basin probably functions as a series of local populations with a su¤ciently high amount of gene £ow between them so that genetic di¡erentiation cannot accumulate.
The case of the Egyptian sample from Bardawil Lagoon is interesting because it does not cluster with the samples belonging to the same geographical origin, but rather with western samples (although with a long branch) (¢gure 2). A similar result was obtained for the same sample using allozyme data ). This suggests a recent introduction of animals of western origin. This is not surprising, since eggs or ¢ngerlings originating from the western basin were used to seed many hatcheries around the Mediterranean when sea bass aquaculture began.
(b) East^west di¡erentiation
In the present study, the between-basin F ST (computed as the mean of the pairwise values) averages^ ˆ0:0198 (excluding Bardawil Lagoon), compared with the average of ˆ0:023 found between western Mediterranean and Alboran Sea^Atlantic samples (Naciri et al. 1999 ) (this ¢gure would amount to^ ˆ0:046 if one computes the Atlantic^eastern Mediterranean with the samples from both studies (not shown)). The sea bass populations from the Oriental Mediterranean Basin are thus clearly di¡erent from the western populations, as has already been suggested by studies using other genetic markers (see } 1). Until now, studies which have shown such a westernê astern Mediterranean subdivision for ¢shes have often been inconclusive because of limited sampling.
(c) Eastern basin
In contrast with western populations, sea bass from the Eastern Mediterranean Basin, with a global F ST of 0.017 ( p5 0.001), appear to come from di¡erentiated units. However, there was heterogeneity in the levels of di¡eren-tiation between the di¡erent samples. For example, the south-Tunisian samples formed a homogeneous group (F STˆ0 .0011 and p4 0.05) and di¡ered signi¢cantly from all other eastern basin samples, but the Greek and Adriatic samples were signi¢cantly di¡erent (F STˆ0 .026 and p 5 0.001). Indeed, the genetic structure of eastern sea bass populations is consistent with the subdivision of the eastern Mediterranean into several basins (e.g. the Adriatic, Ionian and Aegean Seas and the LybicoTunisian Gulf ). The genetic distinctiveness of each subset probably means that each sub-basin is quite independent from the others in terms of spawning grounds and larval circulation. Can this be explained by the history and hydrography of the di¡erent sub-basins ?
There are many forces in the marine environment which can contribute to the structure of inter-and intraspeci¢c biodiversity, such as depth, light, temperature and nutrient gradients. Hydrodynamics is another force which is often put forward to explain why organisms with planktonic larvae can or cannot complete a life cycle in a given area. Larvae have to get to a place where they can grow and become reproductive adults and these in turn have to emit larvae to a place where they can subsequently recruit (Roughgarden et al. 1988; Sinclair & Iles 1989) .
As far as genetic di¡erentiation is concerned, a logical consequence of the preceding constraints is to allow predictions as to the existence of distinct units whenever more or less closed hydrological features are observed. Looking at past and present hydrographic regimes in the Mediterranean (Ovchinnikov 1966) , one can easily ¢nd such structures. During the last glaciation, the lower sea level modi¢ed coast lines, splitting apart the eastern and western basins (Bonatti 1966; Thiede 1978) . Since then and probably even before, the two basins have had di¡erent hydrographic regimes, the western one being much more uniform than the eastern one because of their respective geographies. The water circulation in the Siculo-Tunisian Strait is characterized by a unidirectional east^south-east £ow of pelagic currents (coming from the Atlantic via Gibraltar) which go round Cape Bon and leave the coast of Tunisia at the latitude of Kelibia (368 50'N), while eastern Mediterranean waters stay in the Lybico-Tunisian Gulf. The circulation is not very active in the rest of the eastern Mediterranean, with the Adriatic and Aegean Seas, which are under the in£uence of cool and low salinity waters, showing cyclonic circulation causing isolation of their northern parts (Pinardi et al. 1997) . These facts match rather well with our ¢nding of an east^west split of sea bass populations, as well as the separation of the Adriatic, Ionian, Aegean and south Tunisian samples. These hydrographic patterns may be rather ancient, which could have allowed progressive genetic di¡erentiation.
However, as was noted in an earlier study concerning the transition across the Almeria^Oran front (Naciri et al. 1999) , all these purely mechanistic and historical explanations may be insu¤cient in the case of euryhaline and eurythermic ¢shes such as sea bass. If populations are now at migration^drift equilibrium, and we have reasons to believe they are because a few hundred generations are generally su¤cient to reach this equilibrium (Slatkin 1980) , the pairwiseF ST -values we ¢nd between subpopulations would amount to an e¡ective number of migrants, N m (N mˆ1 7F ST /4 ST ), ranging between 4 and 41. As rough as these ¢gures are, they are not high and ifF ST -values were underestimated for some reason such as allelic homoplasy, the mutation rate being much higher than the migration rate or an equivalent phenomenon, they would be overestimates. Are these values biologically realistic ? Larvae may be entrapped in hydrological structures which keep them apart from other pools of larvae, but juveniles are potentially active swimmers and adults are able to undertake long migrations (Pickett & Pawson 1994) . Therefore, we once again suggest, as proposed by Naciri et al. (1999) , that the hypothesis according to which the number of successful migrant ¢shes is actually smaller than might be expected based on their apparent dispersal abilities and forces other than purely passive hydrological mechanisms are implied, such as active homing or other behavioural traits. In other words, while hydrological features appear to be a good primary template for a ¢sh population structure to establish as the present data set seems to show, the migration capabilities of adults and juveniles greatly exceed those which would be necessary to prevent any genetic di¡erentiation. Since this di¡eren-tiation nevertheless occurs, one could thus hypothesize that selective processes are at play which limit longdistance dispersal, an already recognized phenomenon in the marine world. This opens up the debate as to the real mechanisms preventing individuals from migrating from one stock to the other less than they should be able to.
